Purpose: The internal anal sphincter provides most of the resting anal tone and is the main muscle responseble for continence. This study was designed to estimate the prevalence of, and identify risk factors associated with, internal anal sphincter dysfunction in Japanese adults. Methods: Anorectal manometry was performed in 1193 women and 1124 men aged 20 years or older. The maximal resting pressure, measured by a rapid pull-through technique, was defined as the highest resting pressure recorded. Internal anal sphincter dysfunction was defined as a maximal resting pressure less than 30 mmHg. Potential risk factors were assessed through self-reports, interviews, physical examinations, and medical record reviews. Multivariate logistic regression analysis was used to identify independent risk factors for internal anal sphincter dysfunction. Results: Significant differences in maximal resting pressure were seen between women (58.1 ± 24.9 mmHg) and men (68.8 ± 23.5 mmHg, P < 0.001). Maximal resting pressure decreased significantly with increasing age in both sexes. The prevalence of internal anal sphincter dysfunction was 10.4% (15.5% in women, 5.1% in men). In a multivariate logistic regression model, age, mental disease, pelvic organ prolapse repair, and fecal incontinence were independently associated with a greater risk of internal anal sphincter dysfunction in women and men. Conclusions: Internal anal sphincter dysfunction is a common problem for women and men. Several of the identified risk factors are preventable or modifiable, and may direct future research in fecal incontinence therapy.
INTRODUCTION
Fecal incontinence (FI) is a common disorder with a significant impact on quality of life. The prevalence of FI in the general population increases with age in both women and men [1] . Although the cause of FI is often multifactorial, FI is frequently caused by anal sphincter insufficiency [2] . The anal sphincter consist of the circular internal (IAS) and external (EAS) anal sphincter muscles together with the sling-shaped puborectalis muscle. Although both sphincter muscles are important for the maintenance of continence, the IAS, composed of smooth muscle arranged in oblique bundles, provides most of the resting anal tone and is the main muscle responsible for preventing fecal leakage. The IAS contributes an estimated 55% -85% to maximal resting pressure (MRP) [3, 4] . Low MRP is the most important predictor of FI and correlates with the Fecal Incontinence Severity Index (FISI) [5] .
Despite a number of studies on FI in western countries [6] [7] [8] , there has been a paucity of research about risk factors associated with IAS dysfunction (IASD). Identifying preventable or modifiable risk factors for IASD may guide future research for the prevention or treatment of FI.
The objective of this study was to provide a comprehensive description of IASD in Japanese adults and to describe demographic and other risk factors associated with IASD after multivariate adjustments.
MATERIALS AND METHODS
Between January 2006 and December 2008, 3190 consecutive subjects aged 20 years or older referred to our hospital were enrolled.
Factors potentially associated with IASD or FI were assessed by questionnaires, interviews, medical record reviews, and physical examinations. Participants filled in a structured questionnaire, which included questions about demographic characteristics (age, sex, body mass index (BMI), employment), stool consistency, bowel movements, presence of selected medical conditions, previous anorectal surgeries, previous cholecystectomy, current habits, laxative use, FI, and parity in women. All medical conditions and medication use were determined according to self-reports as well as in-person interviews during which written responses were clarified. Patient weight and height were measured, and BMI was categorized according to the classification proposed for Japanese adults. The validated Bristol Stool Scale was used to describe the participant's usual stool consistency [9] . This scale consists of 7 types of stool and includes pictures of each stool type to aid participants in classifying their stools. We combined stool type 1 and 2 (hard and lumpy), 3 -5 (normal consistencies), and 6 and 7 (mushy and watery). Smoking status was categorized as nonsmoker and current smoker (≥1 cigarettes per day). Alcohol intake was categorized as nondrinker and current drinker (more than once a week). For this study, FI was defined as any involuntary loss of mucus, liquid, or solid stool during the last 30 days; this definition of FI did not include gas.
Anorectal manometry (ARM) was performed by a single experienced examiner using a 5 mm diameter, 1-channel solid-state catheter with a microtipped transducer ARM system (P-31, Star Medical Co., Tokyo, Japan). All subjects were examined in the left lateral position with the hips flexed to 90˚. The lubricated catheter was introduced into the rectum. The MRP measured by means of a rapid pull-through technique was defined as the highest resting pressure recorded. IASD was defined as "low MRP" in cases where MRP was less than 30 mmHg [10] .
Statistical analysis was performed using JMP version 9.0.2 (SAS Institute Inc, Cary, NC). MRP values were expressed as means ± standard deviation. The MannWhitney U test was used to analyze for sex differences in MRP, and regression analysis was used to search for associations with age. The chi-square test was used to test the association between low MRP and each risk factor individually. All risk factors found to be significantly associated with low MRP in univariate analyses were combined into separate multivariate logistic models for women and men. Adjusted odds ratios (OR) and 95% confidence intervals (CI) were used to describe associations between risk factors and low MRP in univariate analyses and in multivariate analyses. P values < 0.05 were considered to indicate statistical significance for all analyses.
This study was a retrospective review of existing clinical data prospectively collected on a hospital anal physiology unit computer database. This study was approved by the research and ethics committee of Kunimoto Hospital and informed consent for ARM and future use of their data was provided by all participants in the study.
RESULTS
Data from 2317 subjects (1193 women and 1124 men) who gave complete responses were analyzed. Mean age was 56.0 ± 17.9 years in women and 53.2 ± 16.1 years in men. All participants were stratified into 10-year age groups. The general characteristics of the participants are shown in Table 1 . The most common medical condition was hypertension (26.8%). FI was reported by 15.1% of women and 7.7% of men.
Significant differences in MRP were seen between women (58.1 ± 24.9 mmHg) and men (68.8 ± 23.5 mmHg; P < 0.001). MRP decreased significantly with increasing age in both sexes (Figure 1) .
The prevalence of low MRP was 10.4% (15.5% in women, 5.1% in men). Among women, prevalence increased from 1.7% for 20 -29 year-olds up to 52.4% for 80 years or older. For women and men combined, the most common medical conditions associated with low MRP were cognitive impairment and pelvic organ prolapse repair (Tables 2 and 3) .
In univariate analyses, variables associated with low MRP in women and men were age, employment status, hypertension, stroke, cognitive impairment, mental disease, ischemic heart disease, any history of cancer, pelvic organ prolapse repair, laxative use, and FI. In addition, parity, dyslipidemia, spinal cord injury, anal fistula surgery, and hysterectomy were associated with low MRP in women but not in men, while BMI, usual stool consistency, diabetes mellitus, hemorrhoidectomy, and rectal surgery were associated with low MRP in men alone.
In a multivariate logistic regression model, age, men tal disease, pelvic organ prolapse repair, and FI were independently associated with a greater risk of low MRP in women and men. In addition, ischemic heart disease was associated with low MRP in women alone. By contrast, smoking or alcohol intake and diabetes mellitus were significantly negative associated with low MRP in women (Tables 4 and 5). the anal canal [1] . Clinically there are 3 subtypes: 1) passive incontinence-the involuntary discharge of rectal contents without awareness; 2) urge incontinence-the discharge of stool in spite of active attempts to retain bowel contents; and 3) combined incontinence-both passive and urge incontinence [2] . The majority of FI patients have passive incontinence [11] . Passive incontinence is generally associated with dysfunction of the smooth muscle of the IAS, whereas urge incontinence is related to dysfunction of the striated muscle of the EAS [1, 2] . At rest, the IAS is in a tonically contracted state, and is innervated by the autonomic nervous system. The IAS plays a key role in maintaining continence, providing 55% -85% of MRP [3, 4] . Several studies have investigated the effect of sex on resting pressure of the anal canal [12] [13] [14] [15] . The data are contradictory, with about half of the studies reporting comparable resting pressures in women and men, and the other half citing lower resting pressure in women. In most of these studies, the number of male and female subjects was rather low. Laurberg and Swash [12] , who studied a larger cohort of subjects (102 women and 19 men), observed a significantly lower resting pressure in women. This is in accordance with the results of our study on more than 1000 people of both sexes.
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Reports on the effects of aging on MRP are also conflicting. Some studies observed a significant lowering of MRP with age (more often in women than in men), while others found only a small decrease in MRP that did not reach statistical significance. Other studies did not see a decreased MRP in their older subjects [12] [13] [14] [15] . In addition to the aforementioned problem of small sample size, most studies included patients of varying ages and grouped them differently. In the present study, we divided the subjects into 7 age groups by decade, and used regression analysis to search for effects of age on MRP, and found that MRP significantly decreases with age in women as well as in men. This age-dependent decrease in MRP is thought to be due to fibrosis of the IAS in elderly patients [16, 17] .
Studies examining independent risk factors for FI have implicated age, obstetric and gynecologic factors, several medical conditions, and poor health. In particular, age, parity, vaginal delivery, diabetes, diarrhea, and neurologic conditions have notably been associated [6] [7] [8] 18, 19] .
This study has several limitations that should be considered when interpreting the results. First, prevalence estimates were limited to non-institutionalized individuals, and because the prevalence of FI in the nursing home population is higher than in the community [1, 2] , the overall prevalence of IASD is likely underestimated, especially among older participants. Second, as in previous large epidemiological studies, comorbid conditions were determined according to self-reports instead of through clinician-derived methods.
Since women were found to have a higher prevalence of FI than men, in some prior studies, it was hypothesized that this sex difference is due to obstetrical injuries being a major risk factor for FI [18, 19] . In this survey of the entire adult lifespan, there was a significant difference in the prevalence of low MRP between women and men. In univariate analysis, vaginal delivery was associated with a higher prevalence of low MRP in women, but this association was no longer significant after multivariate adjustment. Whitehead et al. [7] did not find a significant difference in the prevalence of FI between women and men comprising the entire adult lifespan. Other studies that included a broad range of ages have also failed to find a sex difference in FI prevalence or an effect of obstetrical injury [6, 8, 20] . This suggests that obstetrical injuries are not the most common cause of FI in women. Perineal tears are classified into 4 degrees. A fourth-degree tear is defined as an injury that extends through the fascia and musculature of the perineal body and involves the anal sphincter complex (EAS and IAS) and anal epithelium. Third-degree tears involve some or all of the fibers of the EAS, but do not necessarily involve the IAS. Faltin et al. [21] reported that clinically undetected tears of the anal sphincter were diagnosed by anal endosonography in 42 of 150 women (28%). EAS injury alone was observed in 30 women (20%), IAS injury alone in 2 (1.3%), and both in 10 (7%). In a study of 62 women with FI related to obstetrical procedures, anal endosonography revealed EAS defects in 90% and IAS defects in 65% of the subjects [22] . Our data also suggests that EAS injury is the predominant cause of FI after vaginal delivery. Previous studies have found diabetes mellitus to increase the risk of FI [8, 23] . Ward and Tunuguntla [23] reported that 4% of diabetic patients suffered from FI. The underlying pathophysiology of anorectal dysfunction in diabetic patients with FI is not well understood. Diabetes mellitus may contribute to FI through sphincter or pelvic floor weakness from anatomic defects, nerve damage, or microvascular complications. Schiller et al. [24] found IASD secondary to autonomic neuropathy responsible for FI in 16 diabetic patients. In contrast, Rogers [25] reported that EAS dysfunction might play an important role. Other reports suggested that both IAS and EAS dysfunction might be involved [26, 27] . In the present study, the univariate association between diabetes mellitus and low MRP was significant for men, but after multivariate adjustment, this relationship did not hold. On the contrary, in women low MRP was significantly negatively associated with diabetes mellitus after multivariate adjustment. The lumbar sympathetic innervation inhibits the colon and provides motor stimulation to the IAS. The pudendal nerves, on the other hand, are somatic nerves that innervate the EAS. Diabetic pudendal neuropathy leads to delay of pudendal nerve terminal motor latency, causes EAS damage, and may result in FI [28] . Our results suggest that somatic neuropathy plays a more important role in FI in diabetic patients. FI was significantly associated with low MRP after multivariate adjustment in both sexes. More treatment options for FI makes a proper pretreatment evaluation increasingly important, whether by means of subjective severity questionnaires, such as the FISI, or by objective measurements, such as ARM, anal endosonography, electromyography, and defecography [1] . Bordeianou et al. [5] reported MRP was the only objective measurement that seems to correlate with both FISI and the presence of sphincteric defects on anal endosonography, while maximal squeeze pressure (MSP) generated by the EAS was not correlated. Our results confirm a strong association between low MRP and FI. Mental disease was found to be independently associated with low MRP. The IAS has spontaneous myogenic tone, but it also receives inputs from the sympathetic and parasympathetic nervous systems, both of which exert excitatory and inhibitory influences on the sphincteric smooth muscle [29] . Yamato and Rattan [30] demonstrated that stimulation of α1-adrenoreceptors causes an increase in the resting pressure developed by the IAS. Multi-acting receptor targeted antipsychotics (MARTA) have a high affinity for a number of receptors including the dopaminergic D2, serotonergic 5-HT2A, α1-adrenergic, and muscarinic receptors. Two cases of FI have been reported in patients taking MARTA [31, 32] . The pathophysiology is thought to be related to its central mechanism of action and inhibitory effects on the anal sphincters. Siproudhis et al. [33] reported that a single oral administration of 2 types of antidepressants (amitriptyline and fluoxetine) reduced pressure in the upper anal canal in 10 healthy male volunteers. Both drugs are likely to decrease the contractile activity of smooth muscle by inhibiting calcium channels.
Pelvic organ prolapse repair was also an independent risk factor for low MRP. Most studies reported a greater than 10% prevalence of FI in women with genital prolapse, and more than a third of women and men with rectal prolapse reported FI [34] . Internal rectal prolapse is a circular infolding of the rectal wall that occurs on straining to defecate. It descends into the rectum and may reach into the anal canal. Harmston et al. [35] found a significant reduction in MRP with progressive increases in the grade of internal rectal prolapse without a demonstrable effect on MSP. By contrast, external rectal prolapse was associated with a significant reduction in both MRP and MSP [36] . The underlying mechanism has been postulated to result from nerve damage by stretching due to perineal descent or sphincter dilatation and inappropriate stimulation of the recto-anal inhibitory reflex by the prolapsing rectum [37] . The finding of decreased MRP without a significant change in MSP suggests that the predominant effect of internal rectal prolapse is on reducing IAS tone without an effect on EAS.
CONCLUSION
IASD has received little attention, and the results of this study indicate that it is a major problem for elderly people in Japan. In addition, the importance of IASD as a public health problem is likely to increase in the near future as the elderly population continues to grow. This cross-sectional study offers evidence that IASD is correlated with the presence of certain conditions such as age, sex, FI, mental disease, and pelvic organ prolapse. Several of these risk factors for IASD are potentially preventable or modifiable; for example, several studies have shown a recovery in MRP after rectal prolapse repair [35] . Improving our understanding of risk factors, particularly modifiable risk factors, is critical for developing future prevention guidelines and improving the specificity of FI treatment.
